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{54) Hiah performance Ink jet print head

(87) Anink jet array print head (101) includes four
media width Imear ink jet arrays (100). Ink fiows from
four sets of manifolds (108) through acoustically
matched inlet filters (116), inlet ports (117), inlet chan-
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nels (118), pressure chamber ports (120), and ink pros- -
surachambers (122). Ink leaves the pressure chambers N \
through outiet ports (124) and flows through aval outist | o

1

channels (128) to orifices (108), from which ink drops
(110) are ejectad. The ink pressure chambers are
bounded by flexible diaphragms (130} 10 which piezo-
ceramic traneducers (132) are bonded. To minimize in-
ter-jet cross-talk caused by pressure fluctuations in the
manifolds, compliant walls (150) torm ene wall ajongthe
entirg fength of sach manitole. An ink feed system (200)
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supplies four colors of mk 10 the print head. Pnase- -
change inks are melted and depositad in ink catch ba- \ O
sins (202), funneled into ink storage reservoirs (204), N w—
and fed 1o the print head through ink stack feeas (206). N \ L
Manifald 1apering, inlet port postioning, and an elsva- Q < \
tionally upward slope of the ink stack feeds enhances \ :L/ = 5
purganility of the ink feed system and the ink jet print § ! O
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Dascription

This invention relates 1o drop-on-demand ink jet print heads and in particuiar 1o a high-perormance, print media-
width print head incorporating muttiple arrays of ink jets thar are optimized for purgability, jotting unformity, and high
drop-gjaction rate performance. :

There are well-known appaatuses and mathods for implementing multiple-orifice drop-on-aemand ink jet print
heads. In genaral, sach ink jet of a multiple-orifice drop-on-demand ink jetarray print head operates by the displacement
of ink in an ink pressure chamoer and the subsequent ejection of ink droplets from an associated orifica. Ink is supplied
from a commoen ink supply manilold through an ink inlet 10 The ink pressure chamber, A driver mechanism is used 1o
displace the ink in the ink pressure chamber. The driver mechanism typically includes a transducer (e.g.. a piezo-
ceramic material) bonded to a thin diaphragm. When a voliage is applied o the transducer, it displaces ink in the ink
pressure chamber, causing the ink to flow through the infet from the ink manifold to the ink pressure chamoer and
through an euller and passageway 10 the orifice.

It is desirable 10 employ a geometry that permils the multiple orifices to be positoned n a denssly packed array.
Suitably arranging the manifolds, inlets, pressure chambers, and the fludic couplings of the chambers to associated
onhces 15 noi a straighnorward task, especially when compact ink jet array print heads are eoughl. Incorrect design
CNOICeS, even In MiNer features, can cause nonunionm jetling penormance.

Unitorm jetung performance & genarally accomphisnea by making the various features of each ink je1 array channel
supstantiglly igenieal Unilorm jeiling also depends on each channel baing [rae of air, contaminants, and intemnally

* generaleq gas bubbles that can torm in the print head and intertere with jelling pertormance. Therefore, the various

features of the MmJliphswrmce pent head Must also be designed for effective purging.

For example U S Pat N3 4 730 197 issued March 8, 1588 for IMPULSE INK JET SYSTEM dascribes an nk jet
array print head Faving twe pata ol rows of generally reclangular ink pressure chambers positioned with their centers
ahgned. Each one of & inour aray of Ink jet orfices i coupled to an esscciated INk presaurs chamber. The central
axis o} oach onlice cxtends norm.al 16 the plane containing the ink prossure chambers and ntarsacts an exiension
portion of 1he mk prossura chambor An ink manitold of substantially uniform cross-sectional area supplies ink 10 eath
of the chambers Inrough « résirciive opaning that acis to mmnimize acoustic crose<alk betwesn adiacent channels of

'ine Muitips orifics areay Mowever such castrictions often trap bubbles and, as a consequence, raquire fraquent purg-

ing. Also dascribed 1s the eflect ol pressura chamber resenancas on jatring uniformity and the use of dummy channeis
and compliant wall struetures 1o-reouce reflected wave-induced cross-taik in a 38-orifice ink jet print head.
Effective purging depends on a redtively rapid ink flow rate through the varlous features of an ink jet print head

" to sweep away bubbles and contammants. Ink flow rate ai various locations in an ink manifold depends on the number

of downstream orifice channels being purged and the crass-sectional area of the manifold. The flow rate is, therefore,

‘greater at the upsiream end of the manifold than at the downstream end whera only a single orifice channel is drawing

ink. Consequenily. the mk flow rate at the downstream end of the manifold may not be suflicient 10 eweep away én-
trapped bubblee and cortaminanis . _

Some ink flow rate and nonunitormity problems are addressad in U.S. Pat. No. 4,357,480 issued January 4, 1983
for HEAD DEVICE FOR INK JET PRINTER, which describes a multiple~orifice ink jet print head having uniform feature
sizes in each orifice cnannel and an ink manifold having a nenuniform cross-sectional area that provides increased
flow rate a1 its downstream end. Howsver, the manifold is shapad such tnal flow siagnation ragions can still entrap
bubbles or cantaminants. The pnint nead further includes a serpentine ink inlet configuration that provides uniform
acoustic performance amang orffice channels and an ink supply manifold having ink inlets at both ends. Such a con-
figuration provides for rapid mk flow rate in one ink inlet, through the manifold, arnd out the other inlet (cross-flow
purging) that eflectively removes contaminants or bubbles trom the ink manifokd but net from the various features of
each orifice channel.

Printing spead ana jetting unformily are addressed in U.S. Pat. No. §,087,830 issued February 11, 18982 for DROP-
ON-DEMAND INK JET PRINT HEAD, assigned 10 the assignee of this application, which dascribes a compact 88-orifice
ink jet print head having acoustically unitorm internal features. The print head is construcled of laminaied plales that
10gethers form associated arrays of Nk manifoids, diapnragms. ink pressure chambers, ink inlets, offlsel channels, and
eorifices. Pariicular plates also form black, yellow, magenta, and cyan ink manifoids that are distributed elevationally
abovs and below the other intemat ink jet fealures. In parnticular, the elevationally lower manifoids are connected to the
upper manifolds by ink communication channels. Untortunately, during periccs of no printing, buoyant bubbles can
bescome entrapped in an upper arch of the Ink communication ehannel, anag when printing, the raio of ink flow is insuf-
ficiant 10 eweap the bubbles away through any of the .ink supply channels of the print head. During purging, ink is
caused 1o flow at an increased rate through the manifokis and ink supply ehannels, eausing the bubbles to ba drawn
toward the downstream end of the upper manifoid whera thay are unfortunately entrappad in a stagnation region.

Entrapped bubblas are a particulaty sarious problem because each bubble has a resconant fraquency that acts 10
increase eross-talk among ink ja1 enannels whenever an mnk orifice channel ajects ink drops at a rate naar the rasonant
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traquancy of the bubble. Morecover. at some ink drop ejection rates. sufficient energy is transfarred 10 the bubble 1o
cause it 10 grow and uhimately prévent the associatec ink jet trom oparating.

Some solutions 10 bubble enirapment are addressed in co-pending U.S. Pat. Application No. 08/056,346 (corre-
sponding to European Patent Application No. 84 303185.6).

A 124-orifice ink jel print head is described in which the manifoids are tapered 1o aliminate ik flow stagnation
toqions. Further, the manifolds and ink supply channels are all tied elevationally upward and include inlet channel
ports distribuled along the upper edges of the manifolds such that the buoyancy of bubbles causes them to float upward
in the mantiolds and be easily swept into an ink supply channel. Moreover, the 1apering and sizing of the manifolds
and other intamal ink jet faatures minimizes cross-talk and resenance-induced jetling nonuniformities. However, even
with 124 orifices, a printer emplaying the print head still requires two minutes o produce a color print.

A solution 1o the printing speed problem is addressed in U.S. Pat, No. 4,538,156 issued August 27, 1885 for INK-
JET PRINTER. which dascribas an ink jot mage transfer printer that empioys a print media-width print head thal ejscls
ymage-ferming ink drops directly onto a rapidly rotating drum. The media-width print head employs a Imear array of ink
jet orifices thal are spaced apan by 0.254 millimeter (0.7 inch} to print a 79 aois per centimetsr (200 dais per inch)
resolution image on the drum during 20 successive rotations theredf during which time the print nead is lalerally moved.
Afler ine arum receives the image, a print medium is placed in rolling contact with the drum to ranster the image from
tne drum 1o the pnnt medium. Such transfer printing is advantageous because of relalvely mgh-speea pnnling, insen-
siviy 10 print mediia thicknoge, and a simplified *straight through® paper patn. However. the above-described printar
cannot proquce color prnts nor can te print head onties spacing suppona printing resolution of 118 dois percentimeter
{300 gois per nch) or-greater.

Despnie the numerous prior muliple-orifice ink jet print head cesigns, a need still exists for 2 manutaciumble,
purgable, ink jet print head that can produce multiple hign-resolution, hign-quality color printe per minute.

As will be appreciated trom the following description with reference to the drawings, the invention provides a high-
spesd, high-resolution, media-width, color ink Jet printing apparatus. It will also be so appreciated that the invention
provides the ink jet print head with an intemal feature arrangement and sizing that resulta in excelient purgability and
uniferm jetting characieristics,

Thus, it wil further be co appreciated that the invention provides a straight forward, relatively inexpensive and
repeaiaiio Msinad {or Mmaking the ink iat print head.

Accordingly. this invention providss an ink jet array print head that includas four media-wikiin Nk jai &iiays or
printing full-eaior images. Ink flows from four ink manifolds through acoustically matched sats of inlet filters, intet ponts,
inie1 channels, pressure chamber ports. and ink pressure chambers, ink Jeaves the pressure chambera by way of cutiet

- poris and flows through oval outlet channels to orifices. from which ink arops arae ejected. The ink pressure chambers

are boundiad by fiexible diaphragme to which piezo-ceramic transducers are bonded. Te minimize inter-jet cross-1alk
caused by pressure fluctuation in the manifolds, a compiiant wall 18 formed along tha entire length of each manifold.
An ink 1eed sysiem supplies four colors of ink 1o the print head, Phase-<change inks are melted and deposited in ink
catch basins, junnelsd into ink storage manifolds, and fea to the print head tnrough ink stack feeds. Manitold tapering,
inie1 pon posinoning. and an elevationally upward slope of the ink siack feeds enhance purganility of the ink feed
system and the ink jot print head.

The mvention will now be described by way of example only and by way of a praferred smbodiment, reference
being made 10 the accampanying drawings, in which:- )

Fig. 1 is an enlarged diagrammatical cross-¢ectional view of an exemplary piezo-ceramic transducsr driven ink jet
showing a plate-stacking arrangement of internal features thereof suitable for use in an ink jet array print head of this
invention.

Fig. 2 8 an enlarged diagrammatical cross-sectional view ot a preferred ink jet array print head of this invention
showing a plate-siacking arrangement of Two piszo-cerame transaucer-driven ink Jets thereof surable tor ejecting
different colored ink drops.

Fig. 3 16 an eniarged diagrammatical plan view of a portion of the print head of Fig. 2 showing the ralative spacial
arrangement of the nlernal fealures of eighl adjacent piezo-ceramic ransducer-griven ink jets.

Fig 4 15 an enlarged oblique view of an oval outlet of this invention showing plate layer openings that form an
outiet pen portion, cutlet channe! portion, and & fransitian region partion thereo!.

F1g. 5 is a plan view showing a preferved diaphragm piate of this invention.

Fig. 6 15 a plan view showing a preferred nody plate of this invention.

Fig. 7 1 a plan viow showing a prelarred soparator plate of this invention.

Fig 8 is a plan view showing a preferred inlet enannal plate of this invention.

Fig. 9 is a plan vidw showing a preforrea separator plate of this invention.

Fig. 10 is a pian view showing a preferrad filter plate of inis svention.

Figs 11-1B are plan viaws snowing a sel of prefarrad manifotd plates of this invention

Fig 17 is a plan view showing a preferred compliant wall plate of this invention
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Fig 1B is a plan view showing a proterrad orifiea brace plate of this inventon.

Fig. 19 is a plan view showing a prefarred orifice plate of this invention.

Fig. 20 is an enlarged diagrammatical isometric view of Tour adjacent ink jets of this nvention shown parly cut
away 10 reveal ink feed and ink manifold design details.

Fig. 21 is an enlarged diagrammatical plan view of partions of manifolds of this invention showing a plate-stacking
arrangement employed 1o pravide cross-sectionatly tapered manifold sections.

Fig. 22 is a diagrammatical isometric view of an ink feed system of this invention showing an ink catch basin,
supply manifolds, and ink stack feeds.

Fig. 23 is a graphical itustration of a drive wavetorm at 11 kilohenz jetting frequency usable in the present invention
plotting the voltage ratio versus time with & typical vollage of 25 volts and a voltage ratio of 0.3 10.01.

A transfer printing procese and ink compositions suitable for use with this invention are described in U.S. Pat.
Application Nos. 07/381,846 for IMAGING PROCESS and 07/881,677 (corresponding, respacuvely, 1o European Pat-
ent Applications Nos 93 309426.0 anc 93 309424.8).

Fig. 1 cross-sectionally shows an exemplary single ink jet 10 thai is suitable for use in a high-resolution color ink
jet array print head of this invention. Ink jet 10 has a body that defines an ink manifold 12 through which ink is delivered
10 the ink jet print head. Tne body also dehnes an ink drop-forming orifice 14 together with an ink flow path from Ink
manifold 12 10 orifice 14. In general, the inK jet print nead preferaniy includes an array of orifices 14 that are closely
epaced apart from one another for use in ejecting drops of ink onto an image-receiving medium (noT shown), such as
a gheet of paper or a transfer drum.

A 1ypical ink jet print head has at leasl four manifolds tor receiving black ("K*), cyan ("C*), magenta (*M*) and
yellow (*Y") ink for use in black plue subtractive three-color printing. (Hereafter, ralarence numerais peraining 1o ink
jet features carrying a particular ink color will further include an appropriate identitying suffx, 6.g., manifold 12K, ang
features will be referred 1o collectively or generally without a suffix, 6.g., manitola 12.) However, the number of such
maniiolds may be varied depending upon whether a printer is designed to print solely in black ink or with less than a

- full range of color. Ink flows from manifold 12 through an inlet port 18, an inlet channei 18, a pressure chamber port

20 and into an ink prassure chamber 22. Ink leaves pressura chamber 22 by way of an outlet pon 24 and flows through
an outlel channel 28 to nozzle 14, tfrom which ink drops are e;acted. Altematively, an offsat channel may be added
hatwaan aressura chamber 22 and orifice 14 to suit particular ink jet applicationa.

Ink prassure chamber 22 is bounded on one side oy a fiexible diaphragm 30. An electromechanicai iransducsr
82, euch a8 & piazo-ceramic transducer, is cecured to diaphragm 30 by an appropriate achesive and overlsys ink
prassure chamber 22. In & conventional manner, fransducer 32 has metal film layers 34 1o which an electronic trans-
ducer driver 36 is electrically connected. Although other forms of trangducers may ba used, ransduoer 32 1s operated
in its bending mede such that when a voltage is applied across metal film layers 34, transducer 32 attempts to change

‘its dimensions. However, bacause it is 6ecurely and rigidly bonded 1o the diaphragm, transducer 32 bends, deforming

diaphragm 30, and thareby displacing ink in ink pressure chamber 22, causing the outward flow of ink through outlet
port 24 and outlet channet! 28 1o orfice 14. Refill ¢f ink pressure echamber 22 following the ejection of an ink drop is
augmented by the orifice meniscus, reverse bending of iransaucer 32 and the concomitant movement of diaphragm 30.

To facilitate manutacture of an ink jet array print head usable with the present invention, ink jet 10 is praiarably
tormed of multiple laminated plates or sheets, such as of stamless steel. These sheets are stacked in a superimposed
relationship. In the illustrated Fig. 1 embodiment of this invention, thase sheets or plates include a diaphragm plate
40, which forms diaphragm 30 and a portion of manifold 12; an ink pressure chamber plate 42, which defines ink
prassure chamber 22 and a portion of manifold 12; an inlet channel plate 45, which defines inlet channel 1B and outiet
pon 24; an outiet plate 84, which defines outlet channe! 26; and an orifice plate 58, which defines orifice 14 of ink jet 10.

More or fewer plates than thosa iljustrated may be used to aefine the vanous ink flow passageways, manifolds,
and pressure chambers of the ink jet print head, For exampie, muRiple piates may be used 1o define an Ink pressure
chamber instead of the singte plate sliustrated in Fig. 1 Also, not all of the various features need be in separate sheets
or iayers of metal. For exampie, patterns in the photoresis! that are usad as 1emplales 10r chamically elehing the metal
(If cnemical eiching |s useg in manuiacturing) could be different on ezch side of a metal sheel. Thus, as a more specific
example, the pattern for the ink inlet passage could be placed on ons side of the metal sheet while the pattern for the
pressure chamber ¢could be placed on the other &ide and in registration from-lo-back. Thus, with carefully controlled
eiching, separate ink inist passage- and pressure chamber-conteining layers could be combined into ene commeon
layer

Fig. 2 cross-sectionally shows a praforrod plate stack arrangement for conatructing ink jete 100Y ang 100M that
are a representalive pair empioyod in a media-width, high-resolution, color ink jet array printhead 101 of this invention.
Ink jets 100 are formed in a body that dafines ink inlet ports 102Y and 102M, ink feed channeais 104Y and 104M. and
ink manifolds 106Y and 106M through which ink is delivered to respective ink jets 100Y and 100M. The body aiso
aafines nk drop-forming orifices 108Y and 108M from which ink drops 110Y and 110M are ejected across a distance
112 1oward an imaga-recewving medium 114.

4

;

06-02-2005 01:53pm  From=XEROX CORPORATION +5036854223 T-114  P.010/034

F-366

PAGE 10/34* RCVD AT 6212005 4.56:43 PM [Eastern Daylight Time] * SVR:USPTO-EF XRF-1i6* DNIS:8729306 * CSID:#5036834223 * DURATION fmm-5s):10-00



06-02-2005 01:53pm  From-XEROX CORPORATION +50366854223 T-114 P.011/034

10

18

20

&5

40

45

EP 0726 151 A2

in general, preferred ink jet array print head 101 includes four linoar arrays of ink jets 100Y, 100M 100C, and 100K
that are closely spaced apart {ram ona another for use in ejecling patierns of ink drops 110 toward image-fecaiving
medium 114. Only ink jets 100Y and 100M are shown, but if Fig. 2 is "mirror imagea® arcund a centeriine 115 (also
refer 1o Fig. 3), a four ink jer cross-secticnal configuration results in which four of manifolds 106 receive black, eyan,
magenta and yellow ink for use in black plus subtractive three-eolor printing.

Using any ink color as an example, nk fiows from manifolds 106 througnh inlet fitars 116, inlet ports 117, inlet
channeis 118, and pressure.chamber pons 120 into ink pressure chambers 122, Ink lsaves pressure chambers 122
by way of outlet poris 124 and flows through cross-sectionally oval outiet channels 128 10 orifices 108, from which ink
drops 110 are ejectea.

Ink pressure chambers 122 are bounded cn one side by flexible diaphragms 130, Disk or hexagonaily-shaped
2.13-millimeter (0.084-inch) ciameter, 0.15-millimeter (0.006-inch) thick transducers 132 are secured 1o diaphragms
130 by an appropriate adhesive 10 overlay respactive ink pressure cnambars 122. Transducers 132 have meial film
layers 134 to which electronic transducer driver 36 is electrically connecied. Transducers 132 are preferably operaied
in a bending mode and are driven by electrical drive signals, such as shown in Fig. 23 {or a 300 dols par inch waveform
and in co-panding U.S. Patent Application No. 08/371,197 (corresponding 1o European Patent Application No.

filec on January 11, 1898 unoer Represemative's reference APEPS85063), specifically incorporated
by reference nereinaier in partment part. The waveform driving the ejaction of ink trom the Ink pressure chambers 122
provides a drop mass of about 90 1o about 120 nancgrams during 300 dois par inch resolution printing for ink drop
time of fiight from the print head 1o the media of between about 50 10 about 300 microseconds over about a 15 mil 10
aboul a 30 mil onifice 1o receiving surlace distance 112, This enables the print head of the present design 1o achieve
robust, continuous operation undar & variety of eperating conditions. The time segment values of Fig. 23 are shown
below for & 5 megaherz clock :

SEGMENT | VALUES (4 secs)

L «24.0
| -21.6
T «18.9
- -4.0
te1 ' 0

M 1.0
te 85
12 ' 5.1
n 21.0
oo 28.0

o facilitae manutacture of preferred ink je1 print head 101, ink jets 100 are formed of muhiple laminated plates
or shesls, such as of stainisss steel, that are stacked in a superimposed relationship. All the piates are 0.2 millimetar
(0.008 inch) thick unless otherwise specdied, and are fabricaled using relatively inexpensive phato-patteming and
etching processss. Print head 101 of this invention is designed so that layer4e-layer alignment is not oritical. That is,
typical wiorances that can be held in a chemical etching process are adequate. Tho various piatas forming ink jet print
head 101 may be alignad and bonded in any suitable manney, including by the use of sujtable machanical tastenars,
However, a prefarred procags for laminating and bonding the metal plates is described in U.S. Pat. No. 4,883,219
issued Novembar 28, 1889 for MANUFACTURE OF INK JET PRINT HEADS BY DIFFUSION BONDING AND BRAZ-
ING, which is assigned o the assignae of this application and incorporated herein by reterence

In the illustrated Fig. 2 embodimant of the prasent invention, the plates include a 0.1-millimeter (0.004- inch) thick
diaphragm plate 136 that forms diapnragms 130 and portions of nk iniat ports 102; a body plate 138 that forms preesure
chambers 122, portions of ink inlet pons 102, and provides a rigid backinp for diaphragm plate 136; a separator plate
140 that forme prossure chamber ports 120, and pertions o1 ink inlet pors 102 and outiol ponts 124; a 0.1-millimetar
(0.004-incn) thick inlel channe! plate 142 that forms ilet channels 118, and portions of ink inlet pons 102 and outlet
pors 124; a separalor plate 144 hat forms inlet ports 117 and portiens of ink inlet poris 102 and outlet ports 124; a
0.05-millimeter (0.002-inch) thick fitter plate 145 that forms fittars 116 and partions of ink inlar parts 102 and outlet ports
124; six manilold piates 146A through 146F that form ink manitolds 108, ink feed channels 104, outlet channals 128,
ana the remaining portions of ink intet ports 102; a 0.05-millimetsr (0.002-inch) thick wall plate 148 that forms compliant
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walls 150 for respective ink manifolds 106, and a portion of the transition regions between respactive outlet channels
128 and orifices 108. an ¢rffice brace plate 152 that forms another portion of the transiton regions 154 and air chambers
156 behing respective compliant walls 150, and a 0.064-millimater (0.0025-inch) thick orifice plate 158 that lorms
orifices 108.

Taple 1 shows prefarred dimensions for the internal feafures of ink jets 100 that together provida each of ink jets
100 with a Helmhohtz resanant frequency of about 24 kilcHer2.

Table 1
All gimensions in millimetlers
Fealure Length | Width | Height { Cross-section

Ink manifold 209,00 122 3.05 | Rectangular
Compliant wall 20000 | 122 0.05 | Rectangular
Inlet channel 508 051 0.10 | Rectangular
Pressure chamber — 213 | 020 | Circular
Qutiet port 056 | 0.4 sve Cireular
Qutlet channel 122 | 089 0.50 | Oval
Transition region 025 | 089 0.41 | Oval
Qrifice 006 | 006 - Circular

To ensure jetting uniformity, all of ink jets 100 must operate substantially identically. This s achieved by constructing
the ink je1s such that ail related features have subsiantially identical fluidic properties (i.s., inlet length and cross-
secnonal area, dullet length and cross-sectional area, and orifice gize) and substaniially identical rransducer coupling
cfiicioncy {0.g , prassure chamber, diaphragm, and transducer dimensions).

The sizing ratio of inlet channels 118 10 cutiet channels 128 pravides a corresponding impedance ratio that ensures
a somoination of high ink drop ejection efficiency and fast ink jet refill tmes. The sizing ratio depends on high aspect
raio crosc-tactions (0.1 millimeter thick by 0.5 mullimeter wide) for iniet ehannels 118 and a large (0.71 millimeter
ellectiva diamatar) tor outlet ¢hannels 128 to minimize outlet fluidic induciance. The resistancs of iniei chamnneis 116
15 deminated py thelr 0:1-millimeter thickness. Manufacturing tolarance errors generated whan forming inlet ehannels
118 are minimized by their relatively large 0.6-milfimeter width. )

Ink drop ejection repetition rates approacning 20 kiloHerz are enabled by a high Helrholt2 mode cscillation darmp-
ing factor combinad with a low refill time fiuig resislanca.

The overall design of ink jet 100 minimizes the length of iniet chapnels 118 and auﬂel shannels 128 to maximize
their stanoing wava frequencies, thereby minimizing any print quality antitacts typically experienced at high drop ejaction
repatnion raies.

Fig. 3 is a plan view showing the relative spacial arrangement of tne internal features in eight adjacent ropresent-
ative ink jeis 100. The spacia! arrangement can be understood by comparing similarly numbered features in Figs. 2
and 3. For an ink jat printar employing this mvention 1o print four pages per minuls, each image must be jetted 10 image-
receiving medium 114 (Fig. 2) in appraximately 10 seconds. This requires 352-of ink jets 100 (B8 ink jels per primary
color) each ejecting ink drops at a repatition rate of approximataly 11 kilkoHenz. The 852 ink jels are arranged in four
linear asrays spanning a width of 21.6 centimeters (8.5 inches). a width suflicient to span a standard sized 8.5- by
11-inch mage-receiving medium. Of course, Fig. 3 shows only ight of the 352 Ink jets in print head 101,

Oritices 10BY, 108M, and 108C are spaced apart vertically by 24 pixels, and orifices 108C and 108K are spaced
apart verucally py 12 pixels. Onfices 108 in each array are ail spaced apan haorizontally by 28 pixels. Orilices 108Y,
108M, and 108C are vertically aligned, and black orifices 108K are offset horizontally therefrom by two pixels. A pre-
ferrea pixel spacmg Is 0,088 milimeters (0.0038 meches), which supports a 12 dots per millimeter {300 do's per men)
printing resolution.

Prirs naad 101 is preferadly employed in an ink jet transfer printer in which ink drops are ejected from prim head
107 and deposited on an image-receiving rolating drum positiened paralle! to and a short distance away from the arrays
of orifices 108. To deposit an image on the rotating drum, each of orifices 108 deposits a8 12-dots-per-millimeter
(300-dots-per-inch) column ot pixéls for each of 28 succesaive crum rotetions, Print head 101 traversas wo pixal
positions [atorally (paraliel 1o the drum axis of rotation) for cach drum rotation such that an interlacod image ie depcsited
on tho drum during the 28 drum rotations.

When printing a full color image with a proferred phase-change ink, seécondary colors are formed by mixing Two
pfimary color ink drops bafere they froeze on the image-recaiving medium. Therefora, primary color orifices 108Y,
308M. and 108C are vertically aligned so that a second ink drop will be deposited on top of a first ink drop before
completa ink freezing nas oceurrad. Convarsely, black orffices 108K are horizentally affset 10 prevent mixing black ink
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with the colored inks.

As descnbed abave, high drop ejection rates dapend on cutlet channels 128 having a sufficiently large cross-
sectional area to provide sufficient damping and low fluidic inductance. Fig, 3 shows that outlet channels 128 nave an
oval eross-saction that provides acdttional dimensional ciearance 1o other intemal features of printhead 103, Therefore,
cross-sectionally oval outlet channels are preterred, although circular and other cross-sectional shapes would also
function provided they have an equivalent cross-sectional area.

Fig. 4 shows adkitional spaclal details of preferred piate layer openings thai form ouliet poris 124, outlet channels
128, and transition regions 154, which together form a representative oval outiet 160 of this invention.

Outlet ports 124 each have a circular cross-sectional shape formad in separator plate 140, inlet channel plate 142,
separator plale 144, and filter plate 145. Outlel channels 128 each have an oval ¢ross-sectional shape formed in
manifold plates 146A through 146F. Transition regions 154 each have an oval cross-sectional shape formed in wall
plate 148 and orifice brace piate 152. Prefarred dimensione for oval autlel 160 are shown below in Table 2.

Table 2.

L, W, D, and Dia. in miflimeters; Area in mm?
FEATURE L | w | b | aREa | EQuIV.DIA.
Outlet port 0.56 0.41 0.41 0.18 0.41
Outlet cnanne! 1.22 1 0.89 | 051 0.39 0.71
Transition region | 0.25 | 0.89 | 0.41 0.32 0.64

Fige. 5-19 show the plates that, when laminaled together, form preferrad print head 101 of this invention.

in particular, Fig. 5 shows diaphragm plate 138, through which are openings tor 1orming portions of ink inlet ports
102. Diaphragms 130 are inherently formed in the-piate matarial in the region shown outlined in dashed lines.

Fig. B shows nody plane 188, through which are openings for forming pontions of ink inlet porte 102 and ink pressure
chambers 122.

. Fig 7 shows separator piate 140, through which are openings for forming pressure chamber pons 120, portions
St ik iniet ponte 102, and podions of outlet ports 124.

Fig. 8 shows inlet channel plate 142, through which are epenings for forming iniel enanneis 118, poiikns of ink
inlet ports 102, and portions of cutist ports 124,

Fig. 8 shows separalor plate 144, tnreugh which are openings for forming Inlet ponts 117, porions ot ink inlet pons
102, and portions of outlet ports 124,

Fig. 10 shows filler plaie 148, through which are openings for forming inlet filters 116, portions of ink inlet ports
102, and portions of cutlet ports 124.

Fig. 11 shows manifold piate 148A, through which are openings for forming portions of ink teed channsls 104,
portiona of manifolds 106, portions of ink inlet ports 102, and portions of oval outlet channsis 128. Manifolds 106 extend
the entiré length of ink jat arrays 100, but are reinforced in each of mandeld piates 146 by support ribe 170. Suppon
ribs 170 are purposely not superimposed in each of manifeld piatos 146 to prevent the formation of an ink flow blackage
in each of manifolds 108, .

Fig. 12 shows manifoid plate 1488, through which are openings for forming portions of ink feed channels 104,
portions of manifalds 108, portions of ink inlet ports 102, and portions of oval oulist channals 128.

Flg. 13 shows manifold plate 146C, through which are openings for farming portions of manitolds 106. portione of
ink iniet ports 102, and portions of oval sutlet channels 128.

Fig. 14 shows manifold plate 148D, through which are opanings for forming portions of manifokis 106, portions of
ink inlet ports 102, and portions of oval outlat channels 128,

Fig. 15 shows manifold piate 146E. through which are apenings for forming portions of manifolds 108, pontions of
ink feed channels 104, and portions of oval outlet channals 128,

Fig. 16 shows manifold plate 146F. through which are openings for forming portions of manifokis 106, porions of
ink feed channels 104, and portions of oval outlet channels 128.

Fig. 17 shows wall plate 148 through which are openings for forming portians of transition ragions 154, Compliant
walls 130 are inherently formad in the plale matarial in the regions shown outlined in dgashed lines.

Fig. 1B shows orifice brace ptate 152. through which are openings for forming portions of transtion regions 154.
Air chambers 158 are formed by "half-etehing® the 0.2-millimeter (0.008-inch) thick plate matarial to a depth in a range

- from about 0.05 millimetar (0.002 inch) 10 about 0 1 millimeter (0.004 inch),

Fig. 19 shows orifice plale 158, through which are punched 0.08-millimeter (0.0025-inch) openings for forming
arifices 108.
As describea above with relerence 1o Fig. 2, jelting pertormance is enhanced by minimizing the length of inlet
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channels 118 and outlet channels 12€. Howsavar, minimizing the inlet and ouilel langths also Jimits the volume and
performanca of manifolds 108, which Isads 1o relaively large ink pressure fluctuations when substantial numbers of
ink Jate 100 are ejecting ink orops simuttaneously. Unfortunately. the pressure fiuctuations cause cross-talk among ink
jets 100 that results in jetting nonuniformity and peor print guality.

To minimize pressure fluctuations in manifolds 108, compliant walls 150 form one wall along the entire length of
maniiolds 106. The mechanical compliance of walls 150 absorbs the ink pressure fluctuations during the "stan-up” of
jet finng and untit a steady ink flow is established. An electrical analogy 1o compliant walls 150 is a filter capacitor ina
power supply.

Referring 1o Figs. "11- 15 ink supply performance of manifoids 106 is further ennanted by providing three of ink
t1eed channels 104 per manifold to reduce the fluidic inductance (resistance 10 ink flow) within manifolds 106. Providing
three ink feed channetls 104 per manifold 106 is electrically analogous 10 placing threa resistors in parallel. That is, the
effactive manifold length is one-sixth the actual manifold iength and the manifold Inductance is reduced accordingly.

Referring ta Fig. 20, ink flow performance of manifolds 106 is further improved by providing ik (eed channets 104
with a low inductance design. This entails keeping ink intet ports 102 as cross-sectionally large and as close 10 manifolds
108 as possidle. The cross-sectionally large area is implemented by shaping ink teed channels 104 to flare open in
taperad sections 180 batweean ink inlet ports 102 and manifolds 106,

Supplying ink from ink inlet pors 102M and 102C 10 inner manitolds 106M and 106C requires ink teed channels
104M and 104Y and Ink 1eed channeis 104C and 104K To "cross-over® each other as shown in Fig. 20. Necked down
portions 182Y and 182K (not shown) of manifolds 106Y and 106K provice clearance for the cross-aver sections of
respective ink leed channels 104M and 104C. Figs. 15 and 16 provide another view of the ink feed channel crossovers.

The relatively iarge cross-sectional area of ink feed channels 104 rasults in a relatively large ink feed volume that
causas potential air purging problems for print head 101. Purging has a general goal of removing antrapped air from
ink jeie 100 by causing a minimum possible amount of ink 1o rapidly flow through ail the internal features of print head
101, Purgabifity problems are generally causec by air bubble buoyancy and ink flow stagnation ragions within print

- head 101,

Air bubbis buoyancy is usaed to anhancs purgabiluy ot ink jeis 100 as foliows. Ink flows from ink inlet ports 102,
through ink feed channols 104, and into manifclds 106. Any arr bubbles are neld by buoyancy againét slovationally
unper walls 184 of manifokds 106. Therafore, inlet perts 117 to inlet channels 118 are positioned adjacent to upper
walls 184 to extrac ink from the tops of manifoids. 106 so that a minimurn of ink fiow & raquired 1o diaw air bubblcs
into inlet channets 118. Once air bubbles have antered inlet channels 118, efficient purging is ensured through the
remaining intemal fealures leading to orifices 108 by a combination of feature smoothness. small cross-sactional area,
and diametrica) flow across circulas pressure chambers 122.

Ink flow stagnation is a potantial problem in areas of low ink flow rate within manifolds 108. Referring to Fig. 21,
ink flow stagnation is moast likely 1o occur in manifolds 106 at points downstream from ink feed channals 104 where
refatively 1w inlet ports 117 are causing ink flow. In manifolds 108 of this invention, siagnation points are most likely
10 occur at ends 190 and symmelry midpointe 192 between ink feed channels 104. To pravent ink fiow siagnation,
manitolds 106 are panially taperad adjacent 1o uppaer walls 184 in the regions of ends 180 and symmetry midpoints
192, The 1apering causes an elevationally upward slope in a dirsction from compliant wall 150 toward inlet ports 117
(not shown). Accordingly. the elevationally upward siope dlrecls ink flow and air bubbles toward inlet ports 117 1©
enhance purging.

Referring also to Figs. 14-16 the 1apered.regions are pteferably implemenied by progressively increasing the
manitold opening size in respeclive manifoid plates 146F 10 146C in the regions adjacent to ends 190 and symmetry
midpoints 192,

Fig. 22 shows & pratarred ink feed system 200 of this invention for supplying four colors of ink to ink inlet porns
102 of nk jet array print head 101 (shown pesitionally in dashed ines). Phase-change inks are melted and deposned
in ink caten basins 202 (one of tour shown) from which the melted ink is funneled into Reated ink slorage resernvoirs
204. As ink jot array print nead 101 uses ink, it is resupplied trom ink storage researvairs 204 by fiowing througn eleva-
tionally upward sloping ink stack feeds 206 to ink inlet porls:162. There ure Ihree sels of ink stack feods 206, only one
set of which is shown. The elevationally upward slope of ink stack feeds 208 enhances purgability of ink feed system
200 and ink jet pint head 101 by advantageausly using bubble bucyancy as described above. To achieve a sufficiently
low fluidic inductance, stack feeds 206 have a preterred diameter of about 6.4-mitimeters (0.25-meh) and an average
lengtn of about 78-milimeiers (3.0-inches).

Skilled workors will recognize that portions of thie invention may have alternalve embodiments. For example, fluids
otner than phase-change ink may be amployed and may consist of any combination of colors or jusl a single color,
sueh as black Likewise, the print head may have a width other than media-w.dth' and may smploy & widle varety of
orifice array configuratione. Also. the ink jets may be drivan by mechanisms cther than the piezo-earamic transducar
described And, of couree, faprication pracesses other than laminated plate construction may ba employed, and the
various dimansions described may be altered gramatically 10 suil panicular appiication requiramants.
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11 will be cbvious to those having skill in the an thal many changas may be made to the details of the above-
described smbadiments of this invention without departing from the underlying principles thereol, Accordingly, it will
be appreciated that this invention is also applicable 10 imaging applications other than those found in image transfer
ink jet printers.

Clalms
1. An ink jet print head (101) for a madia-widith color ink jet printer, said print head (101) comprising:-

(i multiple linear arrays of orifices (100), each array (100) being arranged (o span a media width of at least
200 millimetars in a first diraction in printer use and arranged for the ejection in print head oparation of a
predstarminad color of an ink;

{ii) multiple mk manifaids (106), each ink manifeld (108) being in fluid communication with an associated one
of the orffice (100) arrays and storing in printer use one of the predetemined ink ¢olors; each ink manifold
(108) having a compliani wall {150) that in print head operation apsorbs interqet cross-alk, unabsorbed cross-
1alk inducing ink pressure fluctuations caused by muliple ones of the onfices (100) simullanecusly ejecting
ink drops toward an image-receiving medium (114).

2. Anink jel prinl head as claimeo in Claim 1 wherein the inks are phase-changs inKs.

3. An ink jet print head as ¢laimed in Claim 1 or Claim 2 wherein there are four mutually parallel finear arrays of
orifices (100). oneé respectively for each of the following predetermined ink colo_rs, namely yellow, magenta, cyan
and black.

4. An ink jet print haad as clamea in Claim 3 wherain the orifice (100) arrayé are arranged such that respective
orificas {100) in the orifiee arrays ejscting yellow, magenta, and cyan ink are aligned in a second direction perpan-
dicular to the first giraction to aliow predetermined combinations of yallow, magenta, and cyan ink drops ejected
1rom the alignac orifices (104) io mix iogethsr balsres subsiantially druing on the imana-raceiving medium (114).

5. An ink jet print head as claimed in Claim 4 wherein the orifice (100) anays are arranged such that respective
orifices (100) in the armay ejecting black ink are ofiset in the first diraction from respectiva orfices (100) in the orifice
(100) amrays sjecting yellow, magenta, and cyan ink drops to prevent the black ink drops from mixing with any of
ne yaliow, magenta, and cyan ink drops before substantially drying on the irmage-recaiving madium (114).

6. An ink jet print head as claimed in any precading claim wheremn each of the orifices (100) is fuidically coupled by
an outlet channel (128) to an ink pressure chamber (122), anad each of the ink presswe chambers (122) is fiuidically
coupled 1o an associaled ink manifola (106) by an inet channel (118).

7. An ink jet print head as claimed in Claim 6 wherein each cf the outlet channais (128) has an oval cress-sectional
shape.

8. An ink je1 print head as claimed in Claim 6 or Claim 7 whersin each ot tha inlet channel (118) has a low cross-
sectional neight 1o width rato that produces a relatively high fluidic inductance sn each miet channel (118), and
each of the outlet ¢hannels (128} has a high effective diameter 10 longin rate that produces a reiatively low fluidic
inductance in each outlet channel {128) such that a resulting high ratio of mlet channel (118) inouctance 10 outlot
channe! (128) induciance resulls in high jetiing efficiancy and low intar-jet cross-1alk.

9. An ink jet print head as claimed in any one of Claims 6 to 8 wnerein each of the intet channets (118) is fluidically
connected 10 an associated ink manifold (106) through an inlet port (117) and an inlet filter (116).

10. An nk je1 print heaa as claimed in Claim 9 wherein each of ihe iniet ports (117) is fluidically connected to an
associatod ink manifold (108) ata point adjacent to an olevationally upper wall of the associated ink manifoid (108).

11. An ink jet print head as ¢lamed in any preceding ¢iaim wharain each of tho ink manifolds (106) hae & length
substantially the same as the width of the associated orifice (100) array.

12. An ink jat pnnt head as ¢laimed in any preceding claim wherain the ink jet print head (101) defivers in use each of
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the diffarent colors of tha ink through at least one of an ink input port (102) and a taperec opean ink fead channel
{104) to an associated ona of the ink manifolas (106).

An ink jet print head as claimed in Claim 12 wherein each of the ink manifolds (106) raceive ink through at least
two ink inlet pons (102) and tapered open ink teed channeis (104).

An ink je1 print head as claimed in Claim 13 wherein the ink manifolds (108) each have ends and symmetrical
midpoints between the tapered open ink fead channels (102). and the ink manifolds (106) are cross-sactionally
tapered adjacent 1o the ends and the symmatrical midpeints to minimize ink flow stagnation poinis in the ink man-
itolas (108) and manifoid fluigic inductance.

An ink jel print head as claimed in any one of Claims 12 10 14 wherein the ink jet print head (101) received ink at
sach of the Nk inlet ports (102) through an associaled eievationally upward sioping ink stack feed (206) that is
fluidically connected 1o an ink storagée resenvoir (204).

An ink jet print head (101) ) 1or & media-width ink jet printer, said print head (101} comprising:-

(i) muttipie linear arrays of orifices (100), each array arranged to span a media wicth of at leas) 200 milimeters
in a first direction in printar use and arranged or the ejection in primt heaa oparation ¢f a precetermined color
ol an ink for printing upon an image-receiving medium (114).

(i) multipte ink manifolds (106), each ink manifold (106) being in fluid communications with an asscciated one
of the orifice {100) arrays and stering in printer use a predeisrmined color of the mk;

{iii) an outler channel (128) fluidicatly coupling each erifice (100) 10 an associated ink pressure chamber (122);
and

(iv) an inlet ehannel (118) tluidically coupling each of the ink pressure chambers (122) 10 an aseociated ink
manifold (108).

An ink jet print head as claimad in Claim 16 wherein the construction and arrangement is as claimad in any one

-of Claims 110 15.

An ink jet print head as claimed in any preceding claim wherein a set of piates is laminated together to form the

heag (107).

19.

20.

21.

An ink jet prim head as claimed in any preceding claim wharein there are at least about 350 of the orffices (100).
andthe linear arrays of orifices (100) are sized and aranged to deposil at least an 11 dots per millimeter resolution
ink image on the image-raceiving medium (114).

An nk jet print head as claimed in any preceding claim wherein pressure chambers (122) having a substantially
circular profile with a centar are provided. and the pressure chambers (122) are associated with sach ink manifokd
(108) and arranged in a row such that the centers of the prassure chambers (122) are paraliel 1o the associated
linear array of orifices (100) and the centers of respective pressure chambers (122) in adjacent rows are ofiset
from each ather in the first direction,

An ink jet pnnt nead as claimed in any preceding claim wherein a pluraity of inlet channels (118) have substartially
equal lengtns and cross-sectional areas and fluidically couple respective ink manifoids (106) and pressure cham-
bers (122), and a plurality of outlet channels (128) have substantially equal iengths ano cross-seclional areas 10
one anciher and fluidically coupte respective orifices (100) and preseure chambers (122). whareby al of the orificas
(100) eject ink crops with a substantialty equal jelling characteristic.

An Ink jet print head as claimed in Ciaim 21 wherein each of the inlet channele (118), pressure chambers (122),
outlet channels (128), and onfices (100) ars associatedto form an ink jet, and each ink jet has a Helmnolz resonant
fraquency of at least about 20 kiloHenz.

. An ink jet prnt head as claimed i any preceding claim wherein each of a plurality of inlel channats (118)is fluidically

connected to respactive pressure chambers (122) and to associatad ink manifolds (108) with the fluidic connection
petween aach injel ¢hannel (118) and associated manifokd (106) being by means of an Iniet pon (102) that is
positicned adjacent ta an elevationally upper wall of the assoeialad ink manitold (106)

10
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An ink jet print head as claimed in Ctaim 23 wherein the ink maniields (106) have ends which are erass-cectionally
tapered al locations adjacent 16 the ands to diract a flow of the ink toward the inlet pans (102).

An ink jet print head as claimed in Claim 24 wherein the ink jet array print head (101) is constructed of a laminating
1ogether sel of piates, ana the cross-cectional lapering is accomplished by progressively increasing an ink manitold
(106) opening size in adjacently stacked ones of the plates forming the manilolds (108).

. An ink jat prim head as claimed in any preceding claim wherein the orifices (100) are supplied by respective

preferably aval eross- sectioned outlet cnannels (128) fluidically coupled to respective prassure chambers (122)
twidically coupled for supply of ink 1o respective manifolds (106) by means of inlet channels (118) and the orifices
(100}, manifolds (106). outlet channeis (128), inlet channels (118) and ink pressure chambers (1 22y provide res-
anant frequenciss and damping factors 1o parmit operation at frequencies of 11 kilonenz ana higher.

. An ink jet print head as claimed in Claim 26 wherein the waveform arving the ink pressure chambers (122) provides

a drop mass of about 90 10 about 120 nancgrams during 300 dot per inch resalution printing for an ink drop time
ot fight trom e print nead (101)1e the media (114) of between about 50 and about 300 microseconds over about
a 15 mil 10 about a 30 mil orfice to receiving eurface distances.

An ink jet print head as claimed in any preceding claim whereln he nead has multiple arifices (100) for ejection in
use of a predelermined color ink 16 an image-receiving surface (114), the ink supply circuit 10 said orifices being
as defined at (i) 10 (iv) of Claim 18 and including &t least an outier channel which is of oval cross-eection.

. An ink jet print head comprising an ink jet print head as claimed in any preceding ciaim.

11
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